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FOREWORD

The Voyager Design Study final report is divided into six volumes, for
convenience in handling., A brief description of the contents of each volume
is listed below,

Volume I -- Summary

A completely self-contained synopsis of the entire study,

Volume II -- Scientific Mission Analysis

Mission analysis, evolution of the Voyager program, and science payload.

Volume III -- Systems Analysis

Mission and system tradeoff studies; trajectory analysis; orbit and
landing site selection; reliability; sterilization

Volume IV -- Orbiter-Bus System Design

Engineering and design details of the orbiter-bus

Volume V -- Lander System Design

Engineering and design details of the lander,

Volume VI -- Development Plan

Proposed development plan, schedules, costs, problem areas.
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SUMMARY

This report presents the results of a 6-month conceptual design study
conducted by Avco Research and Advanced Development Division for the
National Aeronautics and Space Administration. The objectives of the study
were the synthesis of a conceptual design of an unmanned spacecraft to perform
scientific orbiter-lander missions to Mars and Venus during planetary
opportunities from 1969 to 1975, and the formulation of a plan delineating the
development program leading to first launch during the Mars 1969 opportunity,

The basic approach makes use of a 6000- to 7000-pound orbiter-lander;
tradeoff studies were conducted to determine the payload and mission capabilities
with smaller and larger spacecraft, The orbiter-lander was selected as yield-
ing the maximum in scientific value short of manned exploration. The lander
separates from the orbiter-bus and descends to the planet surface by parachute,
where it makes atmospheric and surface measurements and conducts a variety
of scientific experiments. The information obtained is relayed to Earth via
the orbiter-bus which meanwhile is placed in a planetocentric orbit, The
orbiter-bus collects scientific data in transit and maps the planet while in orbit,
The lifetime of both orbiter-bus and lander is 6 months for the Mars missions.
For Venus, the orbiter life is also 6 months, but the lander life is only 10 to
20 hours because of the hostile environment. A small capsule was designed
for Venus, in addition to the lander, to conduct atmospheric measurements
after entering from orbit; the capsule does not survive landing., ILanders and
capsules would be sterilized to aveoid contamination of the planets, but the
orbiter -bus would be placed on a trajectory which would ensure that it would
remain above the sensible atmosphere for at least 50 years; thus, no
sterilization would be required. The development plan shows that to obtain
the scientific value desired, two spacecraft should be scheduled for each launch
opportunity and hardware development should begin in 1964 to meet the 1969
launch date for Mars,



i. INTRODUCTION

The development plan for the Voyager Program is presented in detail
herein in three gections. Section I describes the major subsystem and disci-
pline efforts and briefly indicates the Development Program involved. No
attempt has been made at this time to expand in detail all facets of each major
subsystemn development. Identification of the major facilities and special test
equipment requirements, the major subcontracted items, thelong lead items
as well as a list of proposed Government-furnished equipment are included.
The major problem areas are briefly discussed. A hardware summary list,
indicating the hardware requirements from the development phase to the
operational unite for each launch window, is also included.

Section II contains the schedules developed for the program. The recom-
mended program awards a hardware contract in the second quarter of fiscal
1965 for a first operational launch during the Mars 1969 launch window. A
shortened schedule is presented for this launch opportunity showing program
start at the beginning of fiscal 1966. The major penalty for compressing the
schedule by 9 months results from a greater overlap between the various de-
velopment test programs, the qualification test program, and the manufactur-
ing cycle. Modifications necessitated by the test program results will be
factored into the vehicle when it is well along in its manufacture, Any exten-
sive modification will become difficult and expensive to accommodate at this
point.

Section III contains the cost summaries for the program.

2=



2. DEVELOPMENT PROGRAM

This section discusses the major subsystem development efforts from
which the development and hardware costs and schedules were derived.

2.1 Subsystem Development Plan

1. Program Management. Program management includes administrative,
engineering, manufacturing, and support services management necessary to
ensure effective control of Voyager Program performance and resources.
These encompass:

1. Establishment of prime, associate, and subcontractor respon-
sibilities throughout the preliminary design, development, manufacturing, and
operational phases

2. Identification of interface requirements

3. Control of the engineering management system which will ensure
successful development of systems, subsystems, and components, within strin-
gent reliability and quality control standards, on schedule and within allocated
cost

4. Direction and implementation of a manufacturing plan defining
tooling requirements, fabrication methods, assembly techniques, production
control measures, and engineering liaison responsibilities

5. Direction and implementation of the Test and Evaluation Plan
describing in detail proposed quantity, types, and levels of testing to be per-
formed to:

a. Demonstrate feasibility of the proposed approach to the
problem

b. Demonstrate achievement of performance goals

c. Demonstrate achievement of rcliability goals

6. Direction and implementation of the Reliability Assurance Plan
encompassing the details of a continuous program of reliability analysis. This
plan will include quality assurance controls delineating procedures by which
the contractor will monitor and control reliability and quality activities of the
program including subcontracting and suppliers
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7. Definition of support services requirements in the areas of fi-
nance, contracts, procurement, publications, and other related services.

8. Direction and implementation of a technical and management in-
formation service maintaining maximum communication between various pro-
gram tasks.

a. Performance Control. Program performance is measured
and controlled on the basis of established schedules, performance control
matrixes, and PERT networks reflecting in detail those tasks as defined in
the Development Plan.

Throughout the Development Program, aforementioned performance con-
trol matrixes provide engineering management with a master summary of
engineering controls and reporting techniques required to ensure timely and
adequate performance. Tablel shows a typical matrix. Task numbers are
assigned at the time the requirement for development of a product is identified.
These task numbers are used through the accounting system to monitor costs
and performance throughout the program. Feedback into the appropriate
PERT-Companion Cost network is automatic.

Certain columns under ''development test' (equipment, manpower, cost)
can be superimposed on any aspect of the Development Program,

Assignments of appropriate control numbers (drawings, specifications,
etc., and schedule datesprovide management with a simple, effective tool of
central source control for each subsystem and component of the program.

These matrixes are then published through an engineering development
handbook which is used as the singular reference (of a comprehensive, yet
concise and accurate, picture) of all significant aspects of the program.

Control plans will be developed in areas of Configuration, Interface,

Weight and Balance, Manufacturing, Quality Control, Launch Support, Com-
munications, and Documentation.

b. Resources Control. Establish plans reflecting control of:

1) Finance. A measure of dollar expenditure against task
to be performed, manpower assigned, material to be purchased, and travel.
Financial control wiil define procedures for cost estimaiing and funding.

2) Manpower Plan. Definition of numbers and types (skills)
of personnel to be assigned to the program phased to

ii1 pPal

development tasks,
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INSTRUMENTATION TEST PROGRAM AND SCHEDULE

Delivory
Vendor to Development Test
Con- Aveo
Nomenclature tract
Award Purchase
Date |Namc| Order Due |Actual Equipment

No,

Telemetry Package Assy.

Time Division Multiplexer
a} ACS Momtor

b}  Commutator 10 x 45 {two-pale)
<}  Commutator 2 x 45 {two-pole}
d) Reference Voltage Source

e}  Power Control Switch

f)  Latching Relay Assy,
g)  Wired Assv.
h)  Wired Assy.
i) Support. Telemetry Pkg. Casting

Dynamic Assy.
a) Low-Range Accelerometer

b} Medium Range Accelerometer
¢} Medium Range Accelerometer
d)  High Range Accelerometer

e)  Incrtial Switch (15-¢ )
) Inertial Switch (0. 02 g)
g) Low-Range Rate Gyro Assy.

h)  Medium-Range Rate Gyro Assy.
i) High-Range Rate Gyro Assy.
j}  Rate Gyro Switch Comparator

k}  Dynamic Assy. Body

Frequency Divider Multiplexer Assy,
a} 70 ke + 2.04 SCO {Subcarrier
Qscillator)
b) 10.% ke -1 to + 4V SCO
¢} 14.5kc -1 to + 4V SCO

d} 22 ke -1 to +4V SCO
e} 40 kc -1 to +4V SCO
f)  0.96 ke 0-4V SCO

g) 1.3 kc 0-4V SCO
h} 1.7 ke 0 to +4V SCO
i) 2.3 ke 0to+ 4V SCO

J) 3.0kec 0 to +4V 5CO
k) 3.9 ke 0 to+4V SCO
b 5.4 ke 0 to +4V SCO

m) 7.35 ke 0 to +4V SCO
n) 560 cps £ 2V SCO
o) Mixer

p)  Wired Assy,
q) IRverter Monitor

RF Assy.
a)  Low-Frequency Transmitter (2 watt)

b) High-Frequency Transmittor
c) Filter
d) Power Converter 200V

e) Cable Assy. Interface, RF
f)  Wired Assy. RF

g) Cable Assy. RF
h)  Body Assy.
i) Power Amplificr. 10-watt
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3} Procurement Plan. Definition of make or buy, subcon-
tracter, and material procurement procedures down to the component level.
This plan includes identification and qualification of subcontractors and control
method of subcontractor progress, costs, and quality.

4) Facilities Plan. Recognition of facility requirements in
association with Development Plan tasks including machine loading.

Program management provides task continuity and control from inception
of the contract through completion, recording and reporting progress in a
systematic manner.

2. Systems Analysis and Integration. System studies will be required to
perform overall system tradeoffs to optimize the performance of the spacecraft
in attaining the program objectives. The translation of overall program ob-
jectives into the various subsystem requirements is accomplished by the sys-
tems engineering staff. Systems analyses are required to determine the pay-
load and trajectory parameters for the optimum mission. The development of
the mission profile and factory-to-launch sequence of events and the associated,
anticipated environmental conditions are keyed to the mission objectives and
optimum mission design. Data requirements for the scientific and engineering
mission objectives will be established and coordinated.

Interdisciplinary analysis and system synthesis integrating the design ef-
fort of the various specialists must be emphasized throughout the program to
produce a balanced design accommodating as many as possible of the require-
ments. Integration of the various subsystems through establishment and main-
tenance of interface controls will ensure electrical and mechanical compatibility
of the various elements within the spacecraft as well as the overall lander-
orbiter and spacecraft-booster interfaces. The interface between the Govern-
ment-furnished scientific instrumentation and the spacecraft data conditioning,
communications, power source, and central computer and sequencer equipment
will present particularly difficult problems, since the instrumentation design
will, in all probability, remain fluid until late in the program. Interface control
will be established through coordinated mechanical and electrical interface con-
trol drawings and specifications. Mechanical interface control will be maintain~
ed through master templates and electrical interface control and testing will re-
quire development of electrical simulators for each subsystem involved in the
interface. Detailed interface testing will be required to demonstrate the com-
patibility of each interface.

Participation in the design reviews and all phases of overall systems testing
is essential in maintaining cognizance of the system performance and to effect the
most meaningful solutions todesignproblems. Weight analysesare veryimport-
antinattaining anoptimum balance betweenperformance and reliability of the various
subsystems. Configurationcontrolis maintained through the systems engineering
organization. Close liaisonwill be maintained with customer and field personnel to
prepare for and execute successful flight operations of the Voyager spacecraft.
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3. Reliability and quality assurance. In performing unique engineering
and scientific tasks, Voyager spacecraft and their highly complex subsystems
will be faced with a variety of potential reliability problems. Long term, fre-
quently cycled operation and storage in hostile and poorly defined environments
present problems which must be solved to assure a high probability of mission
success. The reliability burden is further aggravated by the fact that only few
spacecraft will be built to be used during the limited number of favorable launch
opportunities. Since the cost per launch is extraordinarily high, it is both tech-
nically and economically mandatory that a full-scale, dynamic reliability pro-
gram be implemented to assure the necessary spacecraft mission reliability.

The relative magnitude of the reliability effort, as compared to the total
program effort, is a function of the type of equipment to be delivered. For a
maintainable, ground-based radar or aircraft system, a nominal reliability effort,
funded at 5 to 10 percent of the total program costs, would be sufficient since
repairs and preventive maintenance could be employed to preserve their opera-
tional readiness. However, the preservation of operational reliability through
maintenance is not relevant in the case of the nonrepairable interplanetary probe,
Voyager. Furthermore, since the reliability of the booster is a severe constraint
to the success of the mission, the reliability of the Voyager spacecraft must be
necessarily higher. To assure this high level of spacecraft reliability, a dy-
namic reliability program is essential.

The primary emphasis in the Voyager program will be on designing high
reliability into the spacecraft and maintaining this level of reliability during the
production phase. Since a limited number of spacecraft will be built, their fab-
rication will be more associated with a model shop operation than a high-volume
production facility., Meticulous attention to detail will be an overriding concern
throughout. Reliability progress will be monitored in vendor/subcontractor
liaison and a continuing effort maintained throughout the program.

An ambitious reliability program for subcontractors and vendors must be
imposed to assure that reliability objectives are not compromised. Subcon-
tractor and vendor reliability efforts will be funded separately on reliability
contracts or reliability requirement clauses. These funds will be apportioned
out of the reliability program funds, Separate reliability contracts or clauses
will not only mean specifying reliability requirements, but also providing a
rigorous monitoring effort to enforce these requirements through incentives and
penaltics, The monitoring aspects of the program will be provided through a
_carefully conducted audit and surveillance of the subcontractor/vendor efforts,
resident reliability engineers, as well as requirements for reports submission,

The technical function will involve such important activities as reliability
engineering, test engineering, and data functions. The reliability engineering
activity will be responsible for subsystem reliability allocations, design reviews,
and reliability appraisals, The test engineering activity will be responsible for



the evaluation of all test programs, both in-house and in the field. This re-
sponsibility will include test planning, test monitoring, and laboratory analysis
of failures. Data functions will be conducted for both reliability engineering
and test engineering activities. A particularly important data activity will be
that of tabulating and reducing data reported from the various test programs.
These datawillthen be analyzed by the reliability engineering activity to initiate
reliability improvements, thus completing the corrective action loop. The
above technical functions will be maintained throughout the Voyager Program.
The complete reliability development plan is described in table 2,

The reliability assurance philosophy recommended for the Voyager Pro-
gram is founded upon three essential precepts,

a. Direct and unimpeded access to top management. The necessity
of an organizational structure which will allow an unrestricted management
information and control system for the timely recognition and effective cor-
rection of reliability problems.

b. Meticulous attention to detail. The necessary policies and pro-
cedures and the careful selection of qualified personnel to anticipate, detect,
rectify, and follow up existing and potential reliability problems in the system
design and operational hardware such that even the most minute aspects are
given adequate attention,

c. Exhaustive testing. The thorough evaluation in all phases of the
program to ascertain that the system hardware in its functional operation has
the inherent ability to perform as intendedin the anticipated environments and
the necessary corrective action to remedy all deficiencies.

The translation of this philosophy into certain essential elements of control
and the implementation of these controls will assure the operational reliability
required in the program. These controls provide for adequate planning, influ-
ence of the design, complete testing evaluation, quality manufacture of system
hardware, fastidious launch site preparation of operational equipment, and,
above all, a dynamic means to achieve reliability improvements through early
problem identification and meaningful corrective action.

Volume 3. Svstems Analysis, contains the results of the reliability analysis
conducted during this study, and shows the proposed level of testing which
would be required to demonstrate the achievement of the reliability goals as-
signed to each subsystem, This analysis would be carried out in greater detail
and continued for the duration of the program to obtain the most realistic reli-
ability goals, and also to record progress in achieving these goals, The design
of each subsystem would be reviewed on a continuing basis, and the results of
development, reliability, and environmental testing would be reviewed at all
stages. Reliability would recommend design changes, such as the incorporation
of redundancy, to meet the desired reliability goals.
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4. Spacecraft design. The spacecraft design effort embodies the me-
chanical and electrical integration of all spacecraft subsystems into a coherent
overall design for the Voyager spacecraft, Detail design considerations will
involve the booster -spacecraft and orbiter-lander separation system require-
ments and the lander erection and electromechanical deployment system., The
effort necessary for preparing the complete design definition of the spacecraft
requires layout drawings, detail production drawings, and subsystem compo-
nent and process specifications. Mockups and full-scale models will be built
to facilitate internal packaging design. Prototype or development models of
each spacecraft configuration are required to ensure proper operation of each
subsystem, and to facilitate integration of the science payload.

A detailed Development Program will be required for materials, compo-
nents, and subsystems of the electromechanical devices outlined above. Fac-
tory and field liaison will be provided during the manufacturing, assembly,
acceptance test, sterilization, and operational portions of the program.

5. Structural development. The structural development program consists
of an analytical and structural test effort required to perform a design optimi-
zation study of the orbiter -bus and lander structure and to substantiate the struc-
tural integrity of the final design. During the initial design phase, preliminary
aerodynamic and thermodynamic environments are used in conjuction with de=-
sign and environmental criteria dictated by the ascent, space flight, and
planetary entry conditions to obtain the applied load history to be sustained
by the structure. Stress analyses are performed to optimize the selection of
materials and element sizes. Complementing the analytical effort, a structural
development test program is conducted in which any complex structural con-
ducted to substantiate the applicability of the optimized structure to the fabrica-
tion techniques proposed.

During the final design phase, an extensive detailed analytical effort is
required to design a minimum weight structure considering the detailed aerother-
moelastic problems. Extensive full-scale testing is necessitated by the diffi-
culty in projecting the structural behavior of the spacecraft under complex
loading conditions. Tests and detailed analysis will include the time sequencing
of the ascent, space flight, and entry environments. Test facilities for simul-
taneous simulation of the aerothermoelastic environments do not exist in the
United States for vehicles of this size and weight. Development of non-existent
test facilities will take place during the spacecraft design development phase so
that the full-scale structural proof tests can be combined with the detailed ana-
lytical effort to provide the assurance of a structurally sound final design.

6. Aerodynamics development., To establish the optimum aerodynamic
configuration that will fullfill the overall system objectives, it is necessary to
conduct studies to determine vehicle trajectories, vehicle force and moment
coefficients, static and dynamic stability, pressure distributions, convective

-12-




and radiative heating, and inertial and air loads as well as vehicle shape. The
governing parameters in the above studies are associated with the planetary
atmospheres, A vehicle configuration and design of high confidence and reli-
ability will require extensive analyses investigating the influence of all possible
atmospheric models, These studies will be modified as data on the planetary
atmospheres become available from such sources as Mariner B data,

The overall systems design influences the selection of aerodynamic con-
figurations for these particular vehicles. Most significant of these are (a) maxi-
mum electronics package weight, (b) reliable descent andimpact attenuation
system weight and performance,and (c) static and dynamic stability.

For detailed design analysis requirements, a complete definition of aerody-
namic coefficients as a function of Mach number and angle of attack will be
obtained as well as the variation with gas composition, This is necessary to
ensure adequate static and dynamic stability as well as to determine the re-
quired design conditions from trajectory analyses.

Entry trajectory analyses will be performed to obtain the necessary envi-
ronmental conditions., Three-degree-of-freedom trajectories will be obtained
to establish the altitude-descent histories for the various atmospheres to be
considered. A dynamic analysis is necessary to establish the stability and
angle of attack envelope., The necessity of a six~-degree-of-freedom analysis
will be investigated and performed if necessary to obtain detailed variations
in dynamic pressure and altitude histories. These analyses will establish the
design criteria for determining loads, heating, and angle of attack effects.
The criteria for a reliable descent system will be obtained and, in addition,
error analyses will be performed to establish the descent system design.

Pressure distributions and loads will be initially evaluated by the method
of characteristics utilizing effective ratios of specific heats to account for the
variations due to gas composition. This and other assumptions in the preli-
minary design phase must be corroborated by test programs.

The heating evaluation will be done by existing techniques and correlations
supplemented by test data as they become available, The trajectory analyses,
especially the dynamic angle of attack effects, will be used to ascertain the
design heating pulse, both radiative and convective. Flow-field analysis will
be required to establish the heating effects at angle of attack and to determine

a1 D LR S | A . B .
ine pressure disiribuiions and ioads,

A wind tunnel test program will markedly influence the determination of
the aerodynamic coefficients., The subsonic test program can be carried out
in any of the continuous separated wind tunnels such as AEDC tunnel A or the
JPL 20-inch facility, Testing at Mach numbers from 6 to 10 requires use of
the AEDC tunnels B and C or the JPL facility, The hypersonic test program
will make use of the hot shot tunnel at AEDC or the 48-inch shock tunnel at the
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Cornell Aero Labs. As wind tunnel test data become available, the results will
be factored into the design,

7. Heat shield development. The heat shield development program will
involve design, test,and evaluation of the Mars and Venus heat shields, Preli-
minary thermal design evaluations will be conducted to select a suitable heat
shield material and to size the lander heat shield and structure. The initial
design effort generally utilizes preliminary environmental estimates and ma-
terial properties. Further refinements in the aerodynamic heating and material
property behavior under simulated Mars and Venus entry environments will lead
to an increase in heat shield design confidence. A near exact analytical ablation
model will be used together with computer approximation techniques to arrive
at the required solutions. Material property inputs required for the analytical
models will come from a series of basic tests, These tests include (a) con-
vective heat flux tests, (b) radiant heat flux tests, {c) combined convective-
radiant heat flux tests, (d) solar furnace tests, (e) thermal conductivity,
thermal expansion, and specific heat tests, and (f) thermogravimetric analysis
(TGA) and differential thermal analysis (DTA). Candidate materials will be
screened in both convective and radiant energy arc facilities, using the Apollo
ablator as the reference material. Selected materials will then be evaluated
under simulated Mars and Venus entry conditions, using all suitable heating
facilities, including the combined convective-radiant heat flux arcs. Thermal
properties and densities of these candidate materials will be obtained. The
kinetics and mode of degradation will be determined with TGA and DTA tests.

The following series of major mechanical and chemical tests will be per-
formed (a) tensile and compressive strength, modulus, and elongation versus
temperature and strain rate, (b) bond strength versus temperature and test rate,
and (c) chemical analysis of candidate materials and their products of degrad-
ation. Basic tensile and bond properties will be obtained at selected temper -
atures and strain rates for all candidate materials. Selected materials will
be completely evaluated for mechanical and chemical properties, Test condi-
tions will be determined by ground,launch, in-flight, and entry conditions.
These properties will be engineering data upon which a design freeze can
be based. '

After the prescreening test, environmental tests will be conducted on
candidate materials, These tests will include (a) high-vacuum exposure
(<10'5 torr), (b) temperature cycles, including cold soak, (c) solar irradiation,
(d) combined high-vacuum and solar irradiation, (e) heat socak-sterilization
conditions, (f) effect of humidity and thermal aging, and (g} shock and vibration.

The effect of these environmental conditions will be evaluated by thermal,
ablative, mechanical, and chemical tests. Large-scale testing will be con-
ducted on panels and mockups by evaluating structural integrity, weight change,
stress and strain levels, and visual changes in the heat shield.
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8. Thermal control subsystem development. Initial systems studies will
establish the type and extent of thermal control required for the Voyager orbiter
and lander for both Mars and Venus missions, The initial study will consider
both active and passive thermal control. Both external and internal variable
thermal loads will be considered in the preliminary and detail designs., The
recommended thermal control system will be developed and evaluated analytically
through digital computation techniques considering mission reliability require-
ments as design objectives, Initial subsystem developmental testing will be
performed to establish general design criteria, such as coating degradation, com-
ponent thermal dissipation and load paths, duty cycle transients, and mission
midcourse maneuver effects.

Substantiation of analytical results will be accomplished through experimen-
tal thermal vacuum testing under simulated flight conditions with the appropriate
complement of subsystems in operation. Detail problem areas will require fur-
ther investigation with possible redesign as a result of the thermal test program.
A continuing review of thermal capabilities of all subsystems will ensure the
successful operation of the Voyager spacecraft and lander under widely diver-
gent conditions experienced during exploration of the two target planets.

9. Communication subsystem development, A preliminary design effort
will be conducted to determine the requirements of the communications system
considering the demands of the desired scientific mission, the available weight,
the required operation life, thermal environment power available, and the steri-
lization constraint. From the system requirements, detailed specifications will
be generated for all subsystems. ‘

A supplier will be selected for each of the subsystems based on experience
with similar equipment for long-duration, high-reliability space programs, con-
formance to the program schedule requirements, cost, and reporting practice.
During the subsystem design period, an intimate relationship will be maintained
within the subcontractor to ensure proper exposure of problem areas and sched-
ule slippages.

Prototype models of all subcontracted items will be subjected to a series of
development tests both at the vendor site and at the prime contractors facility.
These tests will include (a) bench testing to determine the conformance tc the
electrical specifications, (b) RFI testing, and {c) design data cnvircumenial testing,

Modifications will be incorporated in any areas where the test item fails
to meet the specification requirement, Upon completion of the subsystem de-
velopment cycle, a communication system prototype will be fabricated and sub-
jected to the electrical bench testing, environmental testing, and RFI testing.
A prototype of the data conditioning system will be constructed and utilized as
a compatibility mockup for scientific instruments,
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During the manufacturing and assembly phase, engineering personnel will
be assigned to act in a consultory capacity for inspection, assembly, and test
personnel., In addition, liaison will be maintained with field personnel to allow
rapidresolution of problems arisinginthe communications system at the launch site.

10. Power sources development., An RTG has been selected as the power
source for the Mars lander. The power presently considered to offer the opti-
mum match between weight, mission effectiveness, and thermal limitations is
110 watts,

A fundamental consideration with an RTG is that of isotope selection. Be-
cause of the longlead time involved, an early request must be made to NASA
for AEC commitment of a sufficient quantity of the Pu-238 fuel. Also, early in
the program (within 3 months), the physical configuration of the generator will
be established by thermal and spacecraft constraints, and the subcontractor will
be selected for development of the thermoelectric elements.

Fuel safety criteria, a shielding analysis, ground-handling techniques, and
test procedures will be established and, since the capsule will be of the intact
reentry design, modes of entry, impact and the resulting stresses will be spec-
ified so that a suitable fuel capsule may be developed, Fuel capsule tests will
include impact, fire, explosion, and simulated entry,

Throughout the entire program, close liaison will be maintained with the
subcontractor., Life testing of the selected conversion material under simu-
lated condition will require 1 full year. This will not significantly retard the
development schedule as it serves only to establish the necessary confidence in
the material. Concurtently, other elements will be used in the thermal mockup
of the generator. Final generator design will follow,

It is expected that the fuel will be delivered about 2 years after commitment
(which will be about 18 months before launch)., This will allow sufficient time to
complete functional, environmental, life,and quality testing such that the final
flight proof article is available at least 1 year before launch.

The primary power source for both the Mars and Venus orbiters consists
of solar panels with batteries as the secondary source. Development models
of the entire solar panel will be constructed. The resulting panels will be sub-
mitted to extensive laboratory testing to ensure conformance to the requirements
of the detailed specifications and performance criteria. Thermal vacuum tests

ing the power needs of the orbiter vehicles,

11, Mapping subsystem development. During the preliminary design phase
of the Development Program, a thorough analysis of the mission concept for both
Mars and Venus launches will be conducted, including studies to determine the
orbits achievable for all opportunities, the communications capability available,
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and the exact scientific objectives desired. From these studies the requirements
for an optical mapping system and a microwave mapping system will be gener-
ated. Subcontractors with demonstrated capability in the subject fields will be
selected by competitive bidding, During the development phase, extensive test-
ing of the mapping equipments will be conducted at the subcontract agency, at

the prime contractor's facility, and possibly flyby tests at a field site. The
laboratory testing will include thorough examination of the electrical and optical
performance of the television mapping system, complete electrical performance
testing of the microwave mapping system including antenna pattern measure-
ments, and environmental testing of all mapping subsystems,

During the fabrication assembly and testing phases, close liaison will be
maintained between the design engineers and manufacturing personnel to elimi-
nate problems associated with improper understanding of the mechanisms of
operation of the systems.

12. Guidance and stabilization control system development. The develop-
ment of the guidance and control systems will center on two predominant areas,
The first is the long mission life, and the effect this has on reliability, The
components used for the system must undergo rigorous environmental and life
testing to ensure that they will operate for the time required. This imposes
the most critical demands on the gyros, the cold gas reaction controls, and the
computers. Although the gyros selected are air-bearing gyros, and are ex-
pected to have the reliability and lifetime required without major redesign, the
desired level of confidence in this performance will require testing, The se-
lection of a cold gas reaction system will require the least amount of develop-
ment work because of the advanced state of development of these systems,
Initially, a parallel development of an alternate technique will be pursued, either
hypergolic hot gas or sublimating low-pressure jets, to ensure a backup capa-
bility if later knowledge of micrometeroid and other torque-producing effects
results in excessive growth in the weight of the cold gas system. The com-~
puters in both lander and orbiter -bus present a reliability problem simply be-
cause of their large numbers of components, Existing computers do not meet
the total requirements of the system, and must be developed, although it is
possible that existing computers can be adapted to the needs of the orbiter -bus,
The computer in each case will have to be developed to handle the large number
of programming and sequencing functions,

In addition to the development required to achieve reliability with existing
or nearly existing components, entirely new components are required to meet
performance requirements, This is particularly true of two of the on-board
optical sensors, the planet tracker, and the horizon scanner. The planet tracker
is required to determine range from the planet and represents a major com-
ponent development. Since many of its features are similar to those of the
optical mapping system, these efforts will be conducted in close collaboration.
The possibility of a single instrument meeting both requirements will be vigor -
ously pursued. The horizon sensor is an important development area not only
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because of its effect on accuracy of on~board position measurements, but also
because of its use in positioning the planet-oriented mapping instruments. The
existing sensors for Earth are not directly suited for Mars, and those in devel-
opment for Mars may not achieve the accuracy and lifetime required for Voyager.

Detailed system analyses will be performed to determine performance re-
quirements of all components. These results will be modified and integrated to
meet total systems requirements, and will be used to develop detailed compo-
nent specifications and subsystem performance specifications,

Subcontractors will be selected for each of the major subsystems or com-
ponents to perform the development and manufacture. Component testing to
detailed specifications will be performed by the subcontractor. Engineering
models will be delivered to the prime contractor for incorporation in subsystem
and system testing. Subcontractors will perform reliability, quality assurance,
and acceptance testing on their components, These tests will be repeated on the
subsystem level at the prime contractor's facility.

Single-axis testing of the reaction-control system will be conducted using
a one-degree-of-freedom table and complete system simulation will be performed
on a three-axis flight simulator connected to an analog computer. The three-axis,
air -bearing table will be used for final system tests, and to simulate the long
mission endurance requirements of the control system. This will be combined
with a celestial simulator so that closed-loop performance of the optical sensors
can be coupled with the reaction control system.

Particular emphasis will be given to the analysis of results from Mariner
flights, If the results indicate attitude control system demands greater than
those estimated due to solar pressure, micrometeroids, and other effects, the
emphasis on alternate techniques will be increased.

Close liaison will be maintained with the propulsion subcontractor, since
the attitude control system used for thrust vector control is an integral part of
the propulsion system, but is controlled by the guidance and control system
electronics and logic,

13. Propulsion subsystem development. The Voyager propulsion program
will entail the design, development, qualification, and delivery of a Voyager
orbiter propulsion system, and a Mars lander, and Venus capsule propulsion
system,

The first 2 months of the design will include a review of all commercially
available hardware prior to starting component fabrication and/or procurement.

The first 6 months will be utilized in analysis and generating component

design drawings, manufacturing design drawings, laboratory test specifica-
tions, fabrication procedures, and vendor specifications., Reliability statistical
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testing will be stressed throughout the program. Laboratory and injector
hot-firing tests for Voyager component system development will commence dur-
ing the latter half of the first year. Component testing will include a separate
test program for each major component to determine reliability and possible
performance gains, Specific tests will be conducted on thrust chambers, valves,
and injectors to determine operating characteristics and for performance evalu-
ation. Tank diaphragm testing will be conducted for verification of expulsion
efficiency. Nearly all of the component testing will be accomplished at the pro-
pulsion subcontractor's facilities, Testing at vendor facilities (chosen by the
propulsion subcontractor) will be necessary to accomplish all of of the environ-
mental, vibration, burst, acoustical, and vacuum requirements.

Hot firings will be conducted at the propulsion subcontractor's field labora-
tory. Initial system testing will be conducted with ""work-horse' hardware at
ambient conditions, Prototype system testing will follow the initial test and will
include altitude, acceleration, shock, and vibration testing, These tests will
encompass the extremes of system operating limits to verify satisfactory opera-
ting limits to verify satisfactory operation in excess of specification requirements,

Prequalification system testing in scheduled to start approximately 25 months
after go-ahead. The qualification program will be initiated almost at the same
time of the prequalification testing and will probably continue from 2 to 3 months
after the prequalification program has been completed.

14, Descent and reerection system development. System analysis will be
conducted to determine the characteristic performance required from the descent
and reerection system, The system design will attempt to encompass as large
as possible a variation in the Martian atmospheric model, However, where
necessary, 2mphasis will be placed on the model of current highest probability.
Selection of the descent system subcontractor will be based on competitive bid-
ding. Only contractors with demonstrated capability in this technology will be
considered. Close liaison will be maintained with the subcontractor during the
entire development program, Extensive functional and environmental testing
will be necessary to evaluate and demonstrate the performance of the descent
and reerection system., Tower and aircraft drop test programs described else-
where will be a major factor in the evaluation of this subsystem. Considerable
factory and field liaison will be required during the entire manufacture, quali-
fication test, assembly acceptance test, and operational phases of the nrogram,

15, Aerospace ground equipment development. The aerospace ground
equipment, in support of the spacecraft, will consist of electrical checkout
equipment and mechanical handling, transfer, and shipping equipment for the
assembled spacecraft and its subsystems and components, During the space-
craft development phase, AGE support will maintain close liaison with all areas
of the design effort, As the specifications and performance criteria are devel-
oped for the spacecraft and its subsystems and assemblies, the requirements
for the AGE support equipment are identified and formulated and specifications
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are evolved., The design is then tested for its compatibility with the various
mockups and developmental units of the orbiter, lander, a complete spacecraft,
subsystems, and assemblies.

Included in the subsystem tests performed by the electrical AGE are the
following:

a., During the qualification test program, functional checks will be
performed on spacecraft systems to demonstrate capability of equipment to
operate under required environmental conditions.

b, Prior to assembly into spacecraft, checks will be performed on
each subsystem, Equipment will be provided as required to simulate interfaces
during subsystems checks,

c. System checks will be performed on complete spacecraft in the
factory prior to disassembly for shipment to launch site.

d. Functional checks will be performed at the field test site on
spacecraft subsystems upon receipt from factory,

e. System checks will be performed on assembled spacecraft at the
field test site prior to mating to a Saturn booster,

f. Checks will be performed on a Saturn booster prior to spacecraft
mating to assure compatibility between booster and spacecraft.

g. Launch site checks will be performed on mated spacecraft to pro-
vide assurance that the system is operating properly prior to launch., The
electrical ground equipment required to support the spacecraft will be incor-
porated into the Voyager system test set to perform both subsystem and system
level checks on the instrumentation, guidance and control, communications,
scientific instrumentation, and power supply subsystems of the orbiter. It will
also perform checks on the navigation, communications, power supply, and
scientific instrumentation subsystems of the lander,

Major facility requirements for the performance of the electrical checkout
include air-bearing tables and astrosimulators. These facilities are required
at each test site to physically support the spacecraft during closed-loop dynamic
pertormance checks on the attitude control system. The table will be installed
in an astrosimulator which will simulate the positions and brightness of the sun,
Canopus, Mars, and Earth during the checks.

The mechanical handling, transfer, and shipping equipment will be designed

and developed in parallel with and for use during the spacecraft development.
Although most of the equipment is similar to that used on space and reentry
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vehicle programs, some difficult areas exist, Among these are (a) the shipment
of an assembled orbiter, (b) handling and shipment of the RTG unit, and (c)
handling and shipment of the pyrotechnics peculiar to the program.,

16, Sterilization program. A sterilization facility will be required to
sterilize and certify the sterility of lander flight hardware, It willbe necessary to
design, construct, equip, staff, and check out this facility. A pilot sterilization plant,
a working model of the actual facility, will be constructed to establish and evalu-
ate the sterilization approach which is to be used. This facility will allow ac-
quisition of statistical data upon which the sterilization procedures can be based.
Two formal sterilization facilities will be required for this program. A com-
plete facility at the lander assembly site will allow initial sterilization of lander
hardware. A second complete facility should be erected at the launch site;
however, the second facility can be reduced to include only the terminal portion
of the facility at small risk to the program, An extensive training program for
sterilization personnel must be established to adequately train the assembly and
certification technicians, The sterilization facility must then be checked out
using mockups and development hardware of the final configuration to establish
the adequacy of the sterilization procedures, The sterilization facility must be
rechecked at regular intervals to ensure that no relaxation of the rigid controls
has occurred. A more detailed description of the sterilization facility is pre-
sented in volume 3.

17. Test support program, The flight planning, launch support, and per-
formance evaluation activities for the Voyager program include (a) preflight
planning and support of the range requirements, (b) field activities, and (c)
postflight engineering evaluation.

General mission planning is directed toward development of the overall
test plan and method of accomplishment. Consideration of the program objec-
tives, design configuration, and launch constraints will provide the basis for
determining the necessity for flight tests, ground tests, and engineering
data acquisition,

A ground-support system plan will be developed and documented early in
the program. This will integrate the tracking, communications, data acquisi-
tion, and range support requirements necessary to support the interplanetary
launch. Final definition of the requirements will necessarily be a cooperative
eifort with NASA, JPL, range personnel, and participating contractors,

Early in the program, an orbiter-lander handling and test philosophy is
developed which covers the factory through launch phase, This philosophy is
based on (a) the analysis of each system and its individual checkout require-
ments; (b) the overall orbiter ~-lander configurations and the restrictions or
special requirements which it imposes on handling devices and techniques;
(c) the requirement for clean room operations and lander sterilization; and
(d) consideration of the test-station range-safety requirements. As the
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program progresses, the other ground test planning activities are being accom-
plished and their results fed back in support of the original concepts, Based on
these data, assembly and test procedures will be prepared and published. These
procedures are provided to the field for their use in processing the orbiter-lander,

As a means of verifying the handling and test philosophy and the compatibi-
lity of the support equipment, both the orbiter-lander and itself, a compatibility
test exercise will be conducted. This exercise will occur as early in the pro-
gram as possible, but is contingent on the delivery of the first of each type of
support equipment to be fabricated and the availability of a model orbiter -lander
for use in the exercise, Because of these contingencies, an exercise such as
this normally cannot occur until just before implementation of the program at
the field station,

The exercise will be conducted at the home plant so that the disclosure of
any discrepancies may be speedily resolved. The operations to be performed
and checked will be identical to those documented in the assembly and test pro-
cedures. The exercise will also serve a secondary purpose, that of providing a
means of familiarizing the field personnel with the equipment and procedures,

Analysis will be made of the environments to be encountered, the system
functions to be performed, and the data acquisition capabilities from launch
through planetary encounter. From this analysis, requirements will be estab-
lished for the engineering measurements to be made aboard the orbiter and
lander. The final output of this task will be a formal data specification for the
orbiter -lander listing measurements to be made, range, sampling rate, and
justification for these measurements,

The orbiter -lander systems and methods of testing will be evaluated both
from a standpoint of safety to personnel and gathering of data for submission of
a range safety package. Special consideration is given to those systems and
circuits which contain pyrotechnic devices or radioactive material. The evalu-
ation of these systems concentrates on proper safing techniques, proper use of
test equipment to check them, and exercising the necessary precautions for
personnel safety while working with them, These include (a) test support equip-~
ment installation and checkout, (b) system assembly and checkout, (c) launch

stand compatibility tests, (d) lander sterilization, (e} flight-instrumentation
calibration, and (f) on-stand mating final checks.

Engineering data acquired in atcordance with the requirements established
above will be processed and analyzed to provide an evaluation of the system per-
formance from launch through planetary encounter,

18. Drop test program., A drop test program will be run, It will include
both tower and aircraft drop tests to subject the lander descent system, impact
attenuator, and reerection system to anticipated vertical and horizontal combi-
nations in additon to a variety of topographical configurations. The lower drop
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test program will be conducted during mid-1966; approximately 20 such tests
will be required. The aircraft drop test program will allow evaluation of the
drogue stability system and main chute deployment and inflation. If high Mach
number deceleration and stabilization tests are required, rocket-boost tests
will be conducted. :

19, Earth entry test program. Two full-scale Earth entry tests are planned
for the Mars lander, These tests will be designed to simulate the entry heating
experienced in Mars entry. An entry velocity of approximately 24, 000 ft/sec
as a reentry angle of 90 degrees will subject the entry vehicle to a maximum
deceleration of approximately 150 g, These tests will demonstrate the capa-
bilities of the entire entry system under simulated Martian entry conditions.
The aerodynamic, thermodynamic, structural, and descent subsystems will be
thoroughly evaluated at high Mach numbers. These flights are planned for the
Atlantic Missile Range, existing booster systems such as the Atlas-Agena
30 ks 8000 being suitable for these tests, Three Mars lander vehicles will be
manufactured for these tests which include two flight vehicles and a spare.
These tests will be run in late 1967 to provide design information early enough
in the program to be of use in improving the Mars 1969 entry vehicle design.

20. Qualification test program. Qualification tests will be performed
on each different spacecraft configuration., The qualification tests are conducted
to demonstrate the ability of the design to meet the performance specifications
after being subjected to test levels exceeding the severe operational environments.

The qualification tests will be performed on assemblies, subsystems, and
systems of final design.

The qualification tests will encompass various physical inspections and
functional tests, Exercise of physical devices and full electrical operation will
be performed before, during, and after specified environmental exposures., In
this manner, compliance with the specifications during testing may be determined.

The qualification tests will determine various physical and electromagnetic
properties, among which are (a) weight and balance (cg), and (b) moment of
inertia (including location of principal axes and moments about axes), (c) align-
ment of attitude control reference axes with principal axes, (d) pressure leakage
of any sealed assembly, {(e) magnetic properties (including (1) alternating fields
and direct fields during all modes of operation, and (2) residual field, including
changes), (f) electrical interference (including (1) electrical and radio frequency
interaction between subsystems of spacecraft and (2) radiation of signals which
are potential interference with launch vehicle or range equipment),

Among the environmental tests included in the qualification testing program
are (a) handling shock, (b) transportation shock, (c) acceleration, {d) vibration
(mechanical and/or acoustic drive), (e) temperature, (f) humidity, and (h)
thermal-vacuum (cold wall, solar simulation where required) and explosive
atmosphere,
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21. Manufacturing and quality control. The manufacturing and quality
control effort for the Voyager Program includes the labor, materials, and
subcontractor systems required to produce the hardware listed in table 3.
An allowance for manufacturing and quality control attrition of one attrition
unit for eyery three hardware units required is included. Acceptance testing
and sterile assembly of the qualification test items and the flight and spare
spacecraft is indicated. All subassembly and component level manufacturing
and assembly are to be done under clean room conditions.
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2,2 Critical Problem Areas

The Voyager design study has revealed a number of design and development
areas which represent potential problems in carrying out the Voyager Program.
The most important of these are listed and briefly discussed.

1. Sterilization. To comply with the requirement that Mars be kept free
from contamination with the probability of 1 in 10,000 requires development
of techniques whichare beyond the present capabilities of clean-room manufacture
and assembly. Not only does the requirement for sterilization impose real
problems in the reliability of equipment but also results in major difficulties in
demonstration that the desired degree of freedom from contamination has been
attained.

2. Surface topography of Mars. One of the purposes of the Mars space-
craft is to obtain more information about the surface topography. Yet in the
absence of this information, the lander must be designed so that it has a capa-
bility of surviving and communicating with Earth. The proposed solution to
this problem is to use a lander with a reerection capability together with a
communications relay link. More topographical information would clearly
increase the confidence in this or any design.

3. Communications. There are several difficulties in the design of the
communication systems. First the signal level received by the lander command
link with the DSIF is marginal. Second, uncertainty in the surface terrain may
result in multipath transmission from the lander. Third, the possibility of
voltage breakdown on the lander antennas limits the transmitted power which
can be used. ‘

4. Reliability. The extremely long mission lifetime imposes new chal-
lenges to the reliability of all components of the system. The flight time for
type 1l trajectories to Mars is greater than 1 year in 1975. This together
with the 6-month mission duration after encounter results in a total mission
life of a year and a half, '

5. Heat Shield. The design of the heat shield for Mars imposes no partic-
ular difficulties. The heat shield design for Venus, however, represents
development problems because of the extremely high heat fluxes which will be
encountered during direct entryv, Adequate facilitieg for the simulation of these
fiuxes do not exist and must be develcoped.

6. Atmospheric variation of Mars and Venus. The uncertainty in the
atmospheric model for Mars and Venus and in particular the diurnal and annual
variations in the atmosphere require entry vehicle designs which are adaptable

"to a wide variety of conditions.
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7. Instrumentation design. The primary difficulty in scientific instru-
mentation is to achieve the high reliability and long life required with instru-
ments which can sustain terminal heat sterilization.

8. Radioisotope thermoelectric power supply for the lander. Development
of an RTG power supply capable of delivering 110 watts and having a reasonable
weight is one of the pacing items for the program, and this activity should be
started at once.

9. In-transit thermal control. The same basic orbiter design is planned
for both Mars and Venus. The thermal control technique proposed is completely
passive and will be achieved by the use of different surface coatings for the
Mars and Venus missions. Much more detailed design is required before this
approach can be proposed with confidence,

10. Surface environment of Venus. The present lack of information about
the surface environment of Venus makes the design of a lander difficult and the
design of a direct link capability extremely questionable. The surface tempera-
ture also poses severe problems in designing a lander with long mission life.

11. Mapping of Venus. The cloud cover of Venus makes visual mapping
impossible and its slow rate of rotation makes mapping of any kind difficult.
In order to achieve wide-area mapping, either extremely long lifetime in a
polar orbit or mapping from different orbital planes is required.

12. Space environment. Adequate knowledge does not exist at present to
design adequate meteroid protection nor to design for the effect of other cosmic
particles which may cause sputtering and degradation of materials.

The success of the Voyager program will be dependent in part on our
ability to find solutions to these problems. An important part of the Mariner
program will be to help provide these answers.

2.3 Major Facilities Requireménts

The following major facilities are required for the performance of the
Voyager program. These facilities are necessary to subject components, sub-
systems, and the complete spacecraft to the anticipated environments and to
demonstrate the performance capability. The total costs for the facilities are
included in the cost estimates. : -

1. Temperature-humidity chamber.

Size: 30 by 30 by 30 feet
Range: 260 to 300°F
0 to 100 percent R, H.
For qualification and acceptance testing of full-scale vehicles.
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2. Space simulator {includes solar simulator)

Size of Chamber: 30-inch-diameter by 26 feet high
Inside test chamber: 23 feet in diameter by 20 feet high.
Solar simulation beam: 20 feet in diameter.

Nitrogen cooled walls.

Variable solar intensity from 0 to 250 w/ft on target.
Pumping capacity to keep vacuum better than 107> mm Hg.
Automatic printout equipment for 250 instrument channels.

3. Expansion of vibration facilities

7500 pounds weight, 1g at 16 to 42 cps.
0. 011 inch double amplitude 42 to 95 cps.
5 g's at 95 to 2000 cps.

4, Acceleration facilities

Bus-lander  6.25 g axial
2.0 g axial
Lander only 125 to 340 g axial
20 to 55 g lateral

5. Hydraulic shaker

7500 pounds weight,
1 gatl to 16 cps.

6. Special shock equipment. High-pressure shock facility for component
and system development tests.

7. High-pressure facilities. High pressure gas source for attitude control
component and system development and qualification testing.

8. Recording equipment. Readout and recording equipment for pyrotech-

nic, guidance, and retrorocket testing for system development and qualification
testing.

ties {or
development and qualification testing of cocmiponents and systems. Primary
concern iz {0 minimize spurious conductive and radiative energies in the radio
frequency bands which may adversely affect operation of the electronic and
pyrotechnic systems.

9. RFI facilities. Expansion of electromagnetic radiation facilitiss

10, Radiation and micrometeorite facility. A 4, 000, 000-ev electron volt
radiation facility for simulation of radiation and micrometeorite environments of

interplanetary excursions. For use in the development of instrumentation and
control components,
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11. High-accuracy acceleration facility. High-accuracy acceleration
capability for programmed and control acceleration forces. To be used for
development and qualification of components. In addition, for calibration
and acceptance testing of acceleration-sensitive control devices.

12. Thermal structural heating facility — quartz lamp banks

80 to 100 Btu/ft-sec
Full-scale lander surface area

13. X-ray room. Extension of the existing nondestructive test X-ray
facility is required to accommodate size of structural items.

14. Clean room area/ additional inspection areas. Clean room assembly
and inspection area expansion for assembly, calibration, and acceptance test-
ing of sensitive components.

15. Solar simulator/ thermal vacuum facilities. Space chamber with
solar simulation (0 to 130 in/ft2) beam of at least a 2-foot diameter; nitrogen
cooled walls. Internal size: 8 foot diameter by 10 feet long. Pumping capacity
to keep vacuum better than 10°5 mm Hg. For use in development and quali-
fication of subsystems.

16. Sterilization facility (including pilot plant). A pilot plant will be con-
structed to house the experimentation equipment from which the procedures,
techniques, and tests will be developed, as well as to provide personnel train-
ing. The final sterilization facility will be comprised of two buildings, one
within the other. The interior building will comprise the major assembly
facility and will be approximately 15, 000 ft2, The outer building and environ-
mental protection will be approximately 20, 000 ft2. A detailed description is
included in volume 3.

2.4 Special Test Equipment Requirements

The successful accomplishment of the Voyager Program requires the use
of several items of special test equipment. The following are the major identi-
fiable special test equipments:

1. Air-bearing table and astrosimulator. An air bearing-table will be
required to physically support the spacecraft during closed-loop dynamic per-
formance tests on the attitude control systems. The table will be installed in
an astrosimulator which will simulate the position and brightness of the sun,

Cancpus, Mars, and the Earth during the tests. The capacity of the air-bearing
table will be sufficient to take the weight of the spacecraft. The size of the astro-

simulator will be large enough to accommodate the air-bearing table with the
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spacecraft mounted and also permit angular displacement with respect to
Canopus, the sun, and Mars.

2. Convective arc. A convective arc facility will be required to evaluate
the effect of convective heat transfer to the candidate heat shield materials
under a variety of heat fluxes, enthalpies, shear forces, and atmospheres.
Convective heat fluxes of several hundred Btu/ft?-sec must be simulated for
the Mars entry. Much higher fluxes must be simulated for the Venus entry.
The arcs must be capable of enthalpies up to at least 10, 000 Btu/lb. The arcs
must also have a wide shear force capability and working gas capabilities of
carbon dioxide, nitrogen, and argon in any combination,

3. Radiant arc. For the Venus entry simulation, the capability of at-
taining heat fluxes up to at least 10, 000 Btu/fté-sec is required. The require-
ments for the Mars entry simulation are less severe. Various atmospheres
of carbon monoxide, nitrogen, and argon gas mixtures must be available.
These arcs will probably be arc-imaging furnaces for the lower heat fluxes
and plasma arcs for the higher fluxes. They will be used to establish the
basic heat-transfer mechanisms of candidate materials when exposed to radi-
ant energy. The data will be employed to formulate analytical expressions
that describe material response to radiant heating and permit heat shield
material evaluation.

4, Convective radiant arc. A convective radiant arc will be required to
generate combined convective and radiant heat pulses over the ranges of heat
fluxes, enthalpies, shear forces, and atmospheres that may be encountered
during Mars and Venus entry condition. They probably will be composed of
low- and high-intensity, arc-imaging furnaces superimposed over convective
heating plasma arcs of varying heat flux, enthalpy, shear, and atmospheric
capabilities. The data will be used to generate design information for thermal
analysis and also to verify the basic theories of material response to combined
convective and radiant heat pulses that are derived from material testing on
separate convective and radiant heating facilities,

5. Space simulator devices and associated equipment. A variety of
equipment is required to evaluate the effect of the space environment on candi-
date material for the Voyager vehicles, These include solar radiation, particle
radiation, and meteorological impact simulators, used in conjunction with
temperature and high-vacuum chambers. In addition, there is the require-
ment for simulating the planetary environments of Mars and Venus for the
evaluation of material properties during exposure to dust storms, solar
irradiation, low and high pressure, and temperature extremes,

6. Miscellaneous equipment in support of aerodynamic, thermodynamic,
and structural test programs. A variety of equipment and devices are re-
quired in support of the multitude of testing necessary for the development of
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the vehicle structures and components. Included are (a) special recording,
measuring, and instrumentation devices; (b) jigs and fixtures for large ve-
hicle pressure testing and testing of spherical caps and cylinders; (c) equip-
ment to simulate heating conditions; (d) temperature probes, (e) static pres-
sure probes, (f) hot wire anemometry measuring devices; and (g) improve-
ments in dynamic stability instrumentation.

7. Equipment for inspection and test in support of quality control and
testing program. A wide variety of electrical, mechanical, and optical
equipments and devices are required for performing the multitude of differ-
ent types of inspections, measurements, and tests associated with the
quality control and testing program. The equipments will be utilized during
the inspection and testing of components, subassemblies, subsystems, and
completed vehicles, as well as functional and acceptance tests.

8. Modification of hyperaltitude special test equipment. Modification of
hyperaltitude capability includes the additionof solar simulation devices and
modification of existing shroud and tank for altitudes to 10-8 mm Hg.

9. Special combined vibration, acceleration, temperature, and altitude
test equipment. A special combined vibration, acceleration, temperature,
and altitude equipment will be used for development and qualification of guid-
ance and instrumentation systems.

10. Special test support equipment. Included herein is the expansion of
vibration recording equipment from 56 to 200 channels and noise analysis
equipment to 1-cps bandwidth. The equipment will be used in support of
large-scale vibration testing and analysis of full-scale vehicle and systems.

11. Special motion X-ray equipment. The motion X-ray recording equip-
ment will be used as an aid in the development of potted components and
systems under vibration.

12. Simulated communications ground station. The TM ground station
simulator consists of an S-band automatic phase control receiver, an S-band
transmitter, a telemetry demodulator, a synchronizing subsystem, a command
subsystem detection and demodulation equipment, and associated power
supplies. It is required to provide a radio link checkout capability for the
spacecraft at various times during the development and during launch
sequences.
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2.5 Summary of Major Subcontracted Items

Development of several of the Voyager subsystems will be subcontracted.
In certain cases, only specialized components will be subcontracted. A list of
the anticipated major subcontracts consists as follows:

1. Communications. Subcontracts will be issued for the design, develop-
ment, test, manufacturing, and assembly of all of the following major equipment
comprising the communications systems for both the orbiters and landers (a)

radio subsystem direct link, (b) telemetry subsystem, (c) command subsystem,
and (d) relay link subsystem.

2, Power sources. Subcontracts will be issued for the design, development
test, manufacturing, and assembly of the equipment necessary to furnish, con-
vert, and distribute the power required during the spacecraft operation. Power
for operation of the orbiters will be furnished by solar cells supplemented by
batteries and associated equipment. For the Mars lander, power will be sup-
plied by a radioisotope thermoelectric generator supplemented by batteries.
Power to the Venus lander will be provided by batteries.

3. Guidance subsystems and stabilization control subsystem. Subcontracts
will be issued for the design, development, test, manufacturing, and assembly
of the equipments comprising the guidance and stabilization control subsystems.
For the orbiters, the following is included:

a. Guidance.
1) Accelerometer package and associated equipment
2) General-purpose digital computer
3) Auxiliary star tracker
4) Planet tracker
5) Planet horizon scanner.

b. Stabilization and control subsystem,

1) Gyro package and associated electronics
2) Cold gas reaction system
3) Coarse and limit cycle sun sensors

4) Canopus tracker,

For the lander, a digital computer and sun sensor are included.
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4. Mapping. Subcontracts will be issued providing for the design, develop-
ment, test, manufacturing, and assembly of the following systems capable of
mapping the planets to a high degree of resolution:

a. Optical mapping system--Mars orbiter
b. Radar mapping system--Venus orbiter.

5. Propulsion. A subcontract will be negotiated for the design, develop-
ment, test, and production of the engine, fuel, and associated hardware com-
prising the propulsion systems for operation of both the orbiters and landers.

6. Descent system. A subcontract will be issued for the design, develop-
ment, test, manufacturing, and assembly of a descent system for the landers.
The descent system is comprised of a parachute-actuation system armed by
rising entry acceleration and triggered atapresetglevel, ejecting a drogue
parachute at Mach 2. 5 by the use of a gas generator and mortar; and a main
parachute, which is deployed by either a barometric switch or a radar altimeter
signal, at Mach 0. 8 or less at an altitude greater than 15, 000 feet.

7. Aerodynamic wind tunnel tests. Subcontracts for conduction of the
wind tunnel test program for the landers will be issued to facilities that are
capable of providing large variations in Mach number, Reynolds number, and
atmospheric composition. Stability test studies are required to provide con-
firmation of analysis of aerodynamic loads, heating, and ablation characteristics
of the proposed entry body configuration.

8. Reliability testing. Reliability demonstration testing of certain major
subassemblies will be subcontracted to the vendor site to provide special test
facilities for such tests as are unavailable at the prime contractor's facility.
The subcontractor will provide both test samples and test operations to be
closely controlled by prime contractor personnel.

2.6 Long Lead and Delivery Items

The studies on the Voyager program have highlighted several areas of
development and procurements, the lead times on which require prompt initiating
action coupled with close monitoring to ensure successful completion for the
Mars 1969 window., Three areas of development exist, however, wherein the
lead time reguircd is considered sufficiently critical to justify immediate initiation
of a development program. These areas are (1) sterilization, (2) the RTG fuel
element, and {3) the scientific instrumentation.
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1. Sterilization. Each flyable lander will be subjected to a sterilization
procedure to ensure compliance with NASA's '"germ-free' requirements. To
determine, test, and demonstrate the sterilization approach to be used, a pilot
plant operation is being proposed as the first step. From the pilot plant opera-
tion, the procedures, techniques, and data to obtain the necessary sterilization
confidence levels would be determined. Approximately 32 months are required
from the initiation of the pilot plant facility to the availability of a formal steriliza-~
tion facility. During this period, the planning, data gathering, testing, staffing,
training, and purchasing requirements for the entire program will be performed.

2. RTG fuel element. It is presently anticipated that the fuel element for
the radio-isotope thermoelectric generator will be plutonium 238 (Pu-238). The
development and delivery lead time for Pu-238 is approximately 2 years. The
alternate fuel element for the RTG power source being considered is curium 244
{Cm-244). Cm-244 has a shorter development and delivery lead time,but because
of its higher radiation background, is considered a less attractive choice for the
power source fuel element.

3. Scientific instrumentation. From the nature of the mission as well as
the environmental conditions to which they will be subjected, it is apparent that
the scientific instrumentation to be assembled into the orbiters and landers will
be unique. It is anticipated that the minimum lead time for the development and
delivery of the first science packages for the Mars 1969 launch may be approxi-
mately 3 years. Included in this period is the determination of mission concept,
the selection of instrument type, the issuance of design contracts, developmernt,
testing, and manufacturing of the hardware units.

2.7 Government-Furnished Equipment, Items, and Services

The following lists the items that will be Government-furnished. The cost
for these items and services has not been included in the Avco estimates.

1. Boosters. Two Atlas-Agena-30Ks 8000 boosters will be required for the
conduct of the Earth-entrytests scheduled for the last quarter of 1967. The Earth-
entrytests will be conducted only for the Mars lander vehicle. Two Saturnboosters
will be required for each launch opportunity. The total number required is 16.

2. Scientific instrumentation. Instruments to be included in the orbiter
and lander(s) for each Voyager flight, in accordance with the mission concept,
will be required for 24 orbiters (12 each for the Mars and Venus launches) and
42 landers (18 for Mars and 24 for Venus launches).

The science packages for the Mars 1969 launch opportunity are required by
April 1967 in order to be integrated with and assembled into the first units under-
going qualification tests,
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3. RTG fuel element. The power source for the landers to be used on the
Mars launches will be a radioisotope thermoelectric generator. The fuel ele-
ment to be selected will be either plutonium 238 (Pu-238) or. curium 244 (Cm-244),
Of the two, the former is more desirable because of its lower radiation back-
ground, but less attractive because of its longer lead time. A total of 18 of the
fuel elements will be required for the program. Delivery of the three elements
for the Mars 1969 launch window is required by April 1967,

4. Aircraft for drop tests. Airdrop tests will be conducted to demonstrate
the design of the Mars and Venus lander descent and impact system. These tests
will be in addition to the tower drop tests. It is expected that NASA will provide
the instrumented aircraft and support services to perform these airdrop tests.

5. Range support. It is expected that NASA will provide for each launching,
the launch facility, downrange tracking, and the DSIF support including the ser-
vices and equipment associated with each,

6. Data analysis. It is expected that NASA will furnish the facility and
equipment to receive, decode, and store the data transmitted back from each
launch firing. NASA is further expected to provide the service of interpreting
and analyzing the data as reduced by Avco.

A summary of hardware requirements for the Mars and Venus launches is
included in table 3.
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3. SCHEDULES

3.1 Mission Schedule

Mission schedules for all Mars and Venus launch opportunities between 1969
and 1975 are summarized in table 4. This table shows milestones for flight unit
delivery to Cape Canaveral, launch dates, enroute intervals, and planetary
operation intervals and is designed to reveal any launch opportunity overlaps
which might cause interferences in launch pad availability or DSIF traffic
saturation. As indicated in table 4, there are no severe overlaps of launch pad
requirements between any two launch opportunities., There is a slight overlap
of a few months between the Venus 1975 and the Mars 1975 opportunity, but this
is not great enough to cause any pad availability problems. The launch pad
facilities which will be available for the Saturn S-1B and 1969 will accommodate
a maximum of two simultaneous launchings, which is just adequate for the re-
commended program of two launchings for every opportunity.

The schedule also indicates that there are no serious mission overlaps
which might create a DSIF traffic saturation problem. There is overlap between
planetary operations and enroute intervals for several adjacent opportunities,
The Venus 1972, an enroute interval,overlaps the Mars 1971 planetary operations
interval and the Venus 1973 enroute and planetary operations intervals, The
DSIF facility has a maximum tracking capability for two simultaneous flights,

In the case of the overlaps, there will be a maximum of four simultaneous flights
if all launchings are successful, but the look angles to Mars are significantly
different than the look angles to Venus such that the DSIF will be tracking a
maximum of two simultaneous flights which is within its capability. There may
be short-term exceptions to this during and immediately after a launch, at which
time it may be necessary to delay tracking of an in-transit flight for a short,

but acceptable, interval,

3.2 Development Schedule

The reference Development Plan schedule (Plan I) is shown in detail in
table 5 and summarized in table 6, The reference Development Plan (Plan I)
schedules initiation of the hardware contract in the last quarter sf 1504 to meet
the first launch opportunity of Mars 1969, An alternate Development Plan (Plan
II);shown in table 7 slips the initiation of the hardware contract to the middle of
15065, The reference plan was set up to minimize overlap of the normally se-
quential development functions to provide a reasonable noncrash program. Plan
Il compresses the time available for design, manufacturing, and testing and
causes overlap between development testing and qualification testing, This will
require more extensive employment of overtime labor and increase the possibility
of crash modification recycling if the development tests indicate a requirement
for design changes.
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The reference plan was designed to provide optimum phasing of the pacing
items such as design, development testing, qualification testing, and manu-
facturing. These need to be sequential or nearly sequential functions because
the progress of one is dependent on the results of the previous item. As can be
seen in the summary schedule and the detailed schedule, overlap of these items
is minimized to permit a flow forward of design and test results and a recycling
backwards of necessary changes on a noncrash basis,

System definitions and final subsystem specifications are scheduled to be
completed 6 months after contract go-ahead, and all subcontracts will be issued
within 6 months of program initiation. This is based on the expectation that a
great part of the system analysis and subsystem evaluation will have been ac-
complished in a 6-month preliminary design study which precedes the hardware
contract. Preliminary and final drafts of the development plan, reliability pro-
gram plan, major test program plan, and systems integration plan will be com-
pleted at contract go-ahead plus 3 months and plus 6 months, respectively,

The design of the vehicle and subsystems will be essentially controlled time-
wise by three key design milestones: a configuration freeze at contract plus 9
months, a design freeze at contract plus 15 months, and a drawing release at
contract plus 22 months (third quarter 1966)., The configuration freeze is the
date on which the last of the external interfaces is frozen. External interfaces
may be defined as the vehicle and subsystem external geometry, weight, electrical
connections, installation data, and so forth. The design freeze is the date on
which the last of the layout drawings of both subsystems and vehicle are completed,
The drawing release is the date on which the last of approved product drawings
and specifications is released for manufacturing. Controlled engineering changes
are required after drawing release, , , N

Planning and procurement for the development tests begin early in 1965 for
most of the tests, as shown in the major test program schedule (table 8),
Planning and procurement for some of the later tests will start in the last quarter
of 19656, Tests which do not require complete vehicle and subsystem assemblies,
such aa the six tower~drop lander mock ups, the six airdrop lander mockups,
and subsystem functional test models, are scheduled to take place through 1966,
after the design freeze, Tests which involve the complete vehicle, such as
orbiter and lander structural tests, thermal vacuum tests, separation tests, and
the Earth entry tests, will be accomplished through 1967, necessarily about 6
to 9 months after the drawing release, These tests utilize complete vehicles,
and sufficient tirne must be allowed after the completiﬁn of detailed design (drawing
release) to permit fabricaticn and assembly of the complete test prototype,
“Some of thete later develépment tests-occur just prior to the qualification test
program and are therefore pacing items in the overall development plan, A few
development tests, such as arc and heat-transfer tests, wind and shock tunnel
tests, and rnaterial screening tests, provide basic design data and do not utilize
full-scale mockups or test prototypes and will be. initiated early in the program,
a few months after contract go-ahead. After the drawing release completion in
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the third quarter of 1966, a maximum of 9 months is provided for fabrication and
final delivery of subsystem and vehicle qualification test units in the first quarter
of 1967. Some subsystem units will be delivered in the last quarter of 1966,
Assembly and functional tests of the qualification prototypes begin near the end

of the first quarter of 1967, and 6 months are allocated for this function.
Qualification tests begin in the third quarter of 1967 and are completed 5 months
later in the first quarter of 1968. Two qualification prototypes of both the orbiter
and lander are provided to help expedite the testing schedule.

Most of the subsystems for the flight units will be available in the second and
third quarters of 1967 for subassembly and functional tests in the last quarter

of 1967. The orbiter and lander vehicles, propulsion systems, and the lander
power supply system are delivered in the last quarter of 1967 for subassembly
and functional tests, The flight unit scientific instruments are scheduled for
delivery in the first quarter of 1968, Final assembly and acceptance testing of
three flight units of both orbiter and lander take place in the first and second
quarters of 1968, Sterilization of the lander occurs at the same time. Delivery
of the three flight units is scheduled for mid-1968. It should be noted that the
qualification test period immediately precedes the flight unit assembly and ac-
ceptance test period with no overlap, It should also be noted that 5 months is
provided for the qualification testing, and this is regarded as a minimum
schedule because allowance must be made for qualification failures and recycling
of subsequent modifications to both qualification and flight units,

Delivery of the flight units in mid-1968 will provide 7 months for launch
site checkouts prior to the 30-day launch window in January 1969, As shown in
the launch site schedule (table 9), the AGE is delivered 2 months earlier than
the flight unit delivery, and 5 months is provided for its installation and checkout,
Schedules for system assembly and checkout, instrumentation calibration, launch
stand compatibility tests, and lander sterilization are also indicated,

Several long-lead development items will require an early development cycle,

In some cases, development programs should be initiated before the hardware
contract go-ahead. These items are the sterilization facility, the radio-

isotope thermoelectric generator power supply for the lander, the orbiter pro-
pulsion system,. and the scieatific instrumentation, The sterilization facility
development will require about 10 months for pilot-plant fabrication and testing
and 20 months to build, staff, and test the full-scale facility. For this facility

to be ready in time for the qualification testing program and subsequent acceptance
testing of flight units, it is necessary that the pilot-plant program be initiated
.almost immediately {(January 1964). This will facilitate completion of the full-
scale facility in the last quarter of 1966, It is conceivable that both the pilot-
plant program and full-scale facility will be developed under the Mariner B
program and, therefore, eliminated as a long-lead.item in the Voyager Program.
The RTG with a radioactive fuel element will require early development by the
AEC, and this item is also scheduled to begin in January 1964, Eighteen months
is provided for delivery of developmental test prototypes, with 9 months scheduled
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for development testing, The conceptual design of the propulsion system indi-
cated the need to develop a new engine, which will be a long-lead item. Sub-
contract initiation is scheduled for 1 month after the prime contract go-ahead.
This will facilitate delivery of qualification test units in the first quarter of 1967
in time for the qualification test program. Development of the scientific instru-
mentation for remote operation in a new and ill defined environment will require
extensive study and testing and should begin immediately.
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4, COSTS

The Voyager Program cost estimate has been subdivided in several ways to ac-
commodate various cost analyses and program revisions which may be desired.
The total program costs have been subdivided by fiscal years, subsystems and
engineering disciplines, and by cost elements within each subsystem and engin-
eering discipline. Both operational hardware costs and development costs are
subdivided by launch window. Operational hardware costs include all acceptance
test and field support costs associated with the spacecraft.

The costs indicated correspond to the launch profile indicated in table 10,
Two spacecraft of the indicated configuration will be flown in each launch window,
A completely assembled spare vehicle and a complete set of subsystem spares
will also be available for each launch window. This spares complement is com-
patible with the sterilization philosophy presented.

With a terminal sterilization facility located at the field site, the maintenance
of the lander requires a significantly smaller complement of subsystem spares
than is required if the lander must be returned to the factory for maintenance,
This difference in spares allotment is more costly than construction and opera.-
tion of the field site sterilization facility.

The less ambitious launch program identified in table 10, which eliminates
the Venus 1972 and 1975 launches, allows a reduction in total program cost
from $798. 6 to $668,5 million.

The influence of the Martian low-density atmospheric model on the program
cost has not been evaluated in detail; however, some elements can be identified.
If the lander configuration does not change, except in its external heat shield
and structurel to reduce the M/CpA, the lander per unit cost will not appreciably
change, The larger lander size will not allow the orbiter/two lander or Bus/two
lander configurations shown for the Mars 1971 and Mars 1975 launch opportunities,
respectively, These opportunities will only accommodate an orbiter/lander
configuration. This change in the proposed launch profile will reduce the total
program cost by $9 million,

Reducing the llength of the development program by 9 months, delaying the
Program start date from October 1964 to July 1965, as shown in table 7, will

zncrea;e the dup-v-\-lvrbba.vaat costs if the same laval of Annign effort ig to he a ppl lied.

i,

"I

_A few of the subsystem design and development cycles must be compressed,

requiring the application of overtime, and in some cases, duplicate developments
will be necessary to ensure availability of flight-qualified hardware in sufficient
time to accommodate the 1969 Mars flight, The design, development, test,
qualification, and manufacturing cycles will overlap more severely, resulting in
more costly changes to the spacecraft design late in the manufacturing process.
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It is difficult to attach a specific cost to this schedule compression; however,
past experience with crash development programs indicates a 10 tq 20 percent
increase in the development costs is associated with this degree of schedule

compression.

TABLE 10

LAUNCH PROFILE

Mars

Mars

Mars

Mars

1969
1971
1973

1975

Venus 1970

Venus 1972

Venus 1973

Venus 1975

O/L
O/2L
O/L

B/2L

0/3C
O/3Cx

O/L

O/ L

*Launch opportunity omitted in less ambitious launch

profile

O - Oribter

B - Flybar Bus
L - Direct Entry Lander
C - Orbital Engry Capsule

A summary of the Voyager mission cost in presented in table 11,
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